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NSTS 1700.7B
(FORMERLY NHB 1700.7A)

PREFACE
DATE: May 22, 1996

The International Space Station and Space Shuttle Program safety policy is to maintain
the assurance of a safe operation while minimizing Program involvement in the design
process of the experiment payload and its ground support equipment. Requirements for
assuring experiment payload mission success are the responsibility of the experiment
payload organization and are beyond the scope of this document. The intent is to
provide the overall safety policies and requirements while allowing the experiment
payload organization the latitude to determine the best design to meet mission
objectives and still comply with basic safety policies and requirements.

NSTS 1700.7B is an extensive revision of NHB 1700.7A that reflects the increased
safety awareness that has resulted from the STS-51L Challenger mishap. The
requirements of NSTS 1700.7B will be levied on new and existing payloads, if NSTS
1700.7B is specifically referenced in the approved Payload Integration Plan (PIP).
Payload organizations which already have an approved PIP may elect to change the PIP
and implement NSTS 1700.7B. Subject to the provisions above, NSTS 1700.7B
supersedes NHB 1700.7A, dated December 9, 1980.

International Space Station (ISS) experiment payloads will use this document to the
extent it is defined to be applicable in the ISS Addendum to NSTS 1700.7B dated
December, 1995. The ISS Addendum addresses each paragraph of this document and
identifies the applicability to ISS experiment payloads. In addition, the ISS Addendum
identifies experiment payload safety policy and requirements that are unique to the ISS.

T. W. Holloway
Manager, Space Shuttle Program

Note: Preface revised May, 1996 to reflect PRCB Directive A096058.
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CHAPTER 1: GENERAL

PURPOSE

Thi s docunent establishes the safety policy and requirenents
applicable to Space Transportation System (STS) payl oads and
their ground support equi pnent (GSE)

SCOPE

These requirenents are intended to protect the general
public, flight and ground personnel, the STS, other

payl oads, GSE public-private property, and the environnent
from payl oad-rel ated hazards. This docunent contains
techni cal and system safety requirenents applicable to STS
payl oads (i ncludi ng payl oad-provi ded ground and fli ght
support systens) during ground and flight operations.

GSE Desi gn and Ground QOperations. For additional
safety requirenents which are uni que to ground
operations and GSE design, the payl oad organi zation
shall refer to the joint Kennedy Space Center

(KSC)/ 45'" Space Wng (SW Handbook, KHB 1700.7/45 SW
HB S- 100.

Flight Rules. Flight rules will be prepared for each
STS mission that outline preplanned deci si ons desi gned
to mnimze the anount of real-tine rationalization
requi red when anonal ous situations occur. These flight
rules are not additional safety requirenents, but do
define actions for conpletion of the STS flight
consistent with crew safety. Conpliance with m ni num
safety requirenents of this docunent will not insure
the m ssion success of a payload. For exanple, if an
STS user only nonitors two of three inhibits to a

cat astrophi ¢ hazardous function (this is the m ni num
requi rement specified in paragraph 201.3), a flight
rule related to the loss of a nonitored inhibit may be
i nposed which is not favorable to the m ssion success
of the payl oad.

RESPONSI BI LI TY

Payl oad Organization. It is the responsibility of each
payl oad organi zation to assure the safety of its

payl oad and to i nplenent the requirenents of this
docunent. \Where a payload integration or mssion
managenent organi zation is identified, that

Basi c 7 CHANGE NO. 15, 04/08/03



102. 2

103

103.1

103. 2

1700b

organi zation interfaces with the NSTS on behalf of the
group of individual payload el ements or experinents
under its control. That organization has the
responsibility to assure that the individual payload
el ements are safe and neet the requirenments of this
docunent. That organi zation al so has the
responsibility to assure that interaction anong its
payl oad el ements does not create a hazard.

NSTS. It is the responsibility of the NSTS to
interface with the responsi bl e payl oad organi zation to
review t he payl oad for adequate safety inplenentation
It is also the responsibility of the NSTS to assure
that interaction anong m xed payl oads, and between
payl oads and the STS, does not create a hazard.

| MPLEMENTATI ON

Thi s docunent identifies the safety policy and requirenents
which are to be inplenented by the payl oad organi zati on.

The inplenentati on of safety requirenments by the payl oad
organi zation wll be assessed by the NSTS during the safety
revi ew process and nust be consistent wth hazard potenti al.
The NSTS assessnent of safety conpliance will include a
conplete review of the safety assessnent reports (paragraph
301) and may include audits and safety inspections of flight
hardware. The detailed interpretations of these safety
requirenents will be by the NSTS, and will be determ ned on
a case-by-case basis consistent with the payl oad' s hazard
potential. The follow ng supplenentary docunents have been
i ssued to assist payload organization in conplying with the
requi renents of this docunent.

| mpl enent ati on Procedure. NSTS/ISS 13830, a jointly

i ssued Johnson Space Center (JSC) and Kennedy Space
Center (KSC) document, has been published to assist the
payl oad organi zation in inplenenting the system safety
requi renents and to define further the safety anal yses,
data submttals, and safety assessnent review neetings.
NSTS/ I SS 13830 identifies the respective roles of the
NSTS flight operator and the NSTS | aunch/landing site
operator. It reflects a basic policy of commonality,
conpatibility, and coordi nati on between the NSTS flight
and ground el enents in the inplenentation effort.

Interpretations of Requirenents. NSTS/ISS 18798 is a

collection of interpretations of requirenents relative
to specific payload designs. These interpretations

Basi c 8 CHANGE NO. 15, 04/08/03



shall be applied to payloads that utilize simlar
design solutions. Addenda to NSTS/ISS 18798 are
distributed to payl oad organi zati ons as additi onal
interpretations are generated.
104 GLOSSARY OF TERMS
For definitions applicable to this docunent, see Appendi x A
105 APPLI CABLE DOCUMENTS

A list of docunents which are referenced in this docunent is
i n Appendi x B.

106 FI GURES

Figures referred to in the text are contained in Appendix C
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CHAPTER 2: TECHNI CAL REQUI REMENTS

200 GENERAL

The follow ng requirenents are applicable to all payl oads.
When a requirement cannot be net, a nonconpliance report
must be submtted in accordance with NSTS/ISS 13830 for
resol ution.

200.1

200. 1a

200. 1b

200. 2

200. 3

Design to Tolerate Failures. Failure tolerance is the
basic safety requirenent that shall be used to contro
nost payl oad hazards. The payl oad nust tolerate a

m ni rum nunber of credible failures and/or operator

errors determ ned by the hazard level. This criterion
applies when the loss of a function or the inadvertent
occurrence of a function results in a hazardous event.

Critical Hazards. Critical hazards shall be controlled
such that no single failure or operator error can
result in damage to STS equi pnent, a nondi sabling
personnel injury, or the use of unschedul ed safing
procedures that affect operations of the Orbiter or
anot her payl oad.

Cat astrophi ¢ Hazards. Catastrophic hazards shall be
controll ed such that no conbi nation of two failures or
operator errors can result in the potential for a

di sabling or fatal personnel injury or loss of the
Orbiter, ground facilities or STS equi pnent.

Design for Mninmm Ri sk. Payl oad hazards which are
controlled by conpliance with specific requirenents of
this docunment other than failure tolerance are called
"Design for Mninmum R sk" areas of design. Exanples
are structures, pressure vessels, pressurized line and
fittings, functional pyrotechnic devices, nmechanisns in
critical applications, material conpatibility,
flammability, etc. Hazard controls related to these
areas are extrenely critical and warrant careful
attention to the details of verification of conpliance
on the part of the payl oad organi zati on and the NSTS.
M ni mum supporting data requirenments for these areas of
desi gn have been identified in NSTS/ISS 13830.

Environnental Conpatibility. A payload shall be
certified safe in the applicable worst case natural and
i nduced environnments defined in the payload integration
plan (PIP) and/or interface control docunent (1CD).

1700b Basic 10 CHANGE NO. 15, 04/08/03



200. 4
200. 4a

200. 4b

STS Servi ces

Safe Wthout Services. Payloads shall be designed to
maintain fault tol erance or safety margi ns consistent

wi th the hazard potential w thout ground or flight NSTS
services. During Obiter energency conditions, power
will be provided tenporarily to payl oads for payl oad
safing and verification if necessary. Subsequent to
payl oad safing, power may not be avail able to payl oads.
Monitoring is not mandatory under these conditions.

Critical Obiter Services. Wen NSTS services are to
be utilized to control payl oad hazards, the integrated
system nust neet the failure tol erance requirenents of
par agraph 200.1 and adequat e redundancy of the NSTS
services nmust be negotiated. NSTS 16979 specifies the
fault tolerance of Orbiter-provided payl oad services
whi ch nust be used when conducting payl oad hazard

anal yses. The payl oad organi zati on nust provide a
summary of the hazards being controlled by STS services
in the safety assessnent report (see paragraph 301) and
docunent in the individual hazard reports those Orbhiter
interfaces used to control and/or nonitor the hazards.
Those payl oad hazards being controlled by Orbiter-

provi ded services will require post-mate interface test
verification for both controls and nonitors. In

addi tion, the payload organi zation shall identify in
the payload/ Obiter 1CD those Obiter interfaces used
to control and/or nonitor the hazards.

201 CONTROL OF HAZARDQOUS FUNCTI ONS

201.1

201. 1a

General . Hazardous functions are operational events
(e.g., notor firings, appendage depl oynents, stage
separations, and active thermal control) whose

i nadvertent operations or loss may result in a hazard.

Inhibits. An inhibit is a design feature that provides
a physical interruption between an energy source and a
function (a relay or transistor between a battery and a
pyrotechnic initiator, a latch valve in the plunbing
line between a propellant tank and a thruster, etc.).
Two or nore inhibits are independent if no single
credible failure, event, or environnent can elimnate
nore than one inhibit.

1700b Basic 11 CHANGE NO. 15, 04/08/03



201. 1b

201. 1c

201. 1c( 1)

201. 1c(2)

Controls. A device or function that operates an
inhibit is referred to as a control for an inhibit.
Controls do not satisfy the inhibit or failure

tol erance requirenents for hazardous functions. The
"electrical inhibits" in a liquid propellant propul sion
system ([ paragraph 202.2a(3)]) are exceptions in that

t hese devices operate the flow control devices (i.e.
mechani cal inhibits to propellant flow), but are
referred to as inhibits and not as controls.

Monitors. Mnitors are used to ascertain the safe
status of payload functions, devices, inhibits and
paranmeters. Monitoring circuits should be designed
such that the information obtained is as directly
related to the status of the nonitored device as
possible. Mnitor circuits shall be current limted or
ot herwi se designed to prevent operation of the
hazardous functions with credible failures. In
addition, loss of input or failure of the nonitor
shoul d cause a change in state of the indicator.

Moni toring shall be available to the | aunch site when
necessary to assure safe ground operations.
Notification of changes in the status of safety

nmoni toring shall be given to the flightcrew in either
near-real -tinme or real -tine.

Near - Real -Tinme Monitoring. Near-real-tinme nonitoring
(NRTM is defined as notification of changes in inhibit
or safety status on a periodic basis (nomnally once
per orbit). NRTM nmay be acconplished via ground crew
nonitored telenetry data. Switch talk backs shall not
be used as the only source of safety nonitoring when
the hazard exists during crew sl eep periods.

Real -Tine Monitoring. Real-tinme nonitoring (RTM is
defined as imediate notification to the crew. RTM
shal | be acconplished via the use of the Orbiter
failure detection and annunci ati on system or by ground
crew nonitored telenetry data. An exception to this
woul d be where RTMis necessary only during payl oad
operations. Under these conditions, switch panel talk
back nonitoring is acceptable. Real-tinme nonitoring of
inhibits to a catastrophic hazardous function is

requi red when changing the configuration of the
appl i cabl e payl oad system or when the provisions of

par agraph 204 are inplenented for flightcrew control of
the hazard. |[If ground nonitoring is used to neet real-
time nonitoring, a continuous real-tinme data |ink
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201. 1c( 3)

201. 1d

201. 1le
201. 1e(1)

201. 1e(2)

(containing the applicable safety paraneters) nust be
assured by the payl oad and conti nuous conmuni cati ons
between the flight and ground crews nust be established
and mai ntai ned during the required period.

Unpower ed Bus Exception. Mnitoring and safing of
inhibits for a catastrophic hazardous function will not
be required if the function power is deenergized (i.e.,
an additional fourth inhibit is in place between the
power source and the three required inhibits) and the
control circuits for the three required inhibits are

di sabled (i.e., no single failure in the control
circuitry will result in the renoval of an inhibit)
until the hazard potential no | onger exists.

Use of Tinmers. \Wen tiners are used on depl oyabl e

payl oads to control inhibits to hazardous functions,
conpl ete separation of the payload fromthe Obiter
nmust be achieved prior to the initiation of the tinmer.
If credible failure nodes exist that could allow the
timer to start prior to a conplete separation, a safing
capability must be provided. |If this safing is via a
radi o frequency (RF) command, then the comuand
capability must be provided to the flightcrew

Conput er - Based Control Systens.

Active Processing to Prevent a Catastrophic Hazard.
VWhil e a conputer systemis being used to actively
process data to operate a payload systemw th
catastrophic potential, the catastrophic hazard nust be
prevented in a two-failure tolerant manner. One of the
met hods to control the hazard nust be independent of
the conputer system A conputer system shall be
considered zero fault tolerant in controlling a
hazardous system (i.e., a single failure will cause

| oss of control), unless the systemutilizes

i ndependent conputers, each executing uniquely

devel oped instruction sequences to provide the
remai ni ng two hazard control s.

Control of Inhibits. The inhibits to a hazardous
function may be controlled by a conputer-based system
used as a tiner, provided the systemneets all the
requi rements for independent inhibits.
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201. 2

201.3

Functions Resulting in Critical Hazards. A function
whose i nadvertent operation could result in a critical
hazard nust be controlled by two independent inhibits,
whenever the hazard potential exists. Requirenents for
nonitoring (paragraph 201. 1c) of these inhibits and for
the capability to restore inhibits to a safe condition
are normal ly not inposed, but may be inposed on a case-
by-case basis. Were |l oss of a function could result
in acritical hazard, no single credible failure shal
cause | oss of that function.

Functions Resulting in Catastrophic Hazards. A
functi on whose inadvertent operation could result in a
cat astrophi ¢ hazard nust be controlled by a m ni num of
t hree i ndependent inhibits, whenever the hazard
potential exists. One of these inhibits nust preclude
operation by an RF command or the RF |ink nust be
encrypted. In addition, the ground return for the
function circuit nust be interrupted by one of the

i ndependent inhibits. At least two of the three
required inhibits shall be nonitored (paragraph
201.1c). If loss of a function could cause a
catastrophi c hazard, no two credible failures shal
cause | oss of that function.

202 SPECI FI C CATASTROPHI C HAZARDOUS FUNCTI ONS

In the foll owi ng subparagraphs, specific requirenents
related to inhibits, nonitoring, and operations are defined
for several identified potentially catastrophic hazardous
functi ons.

202. 1

202. 1a

Solid Propellant Rocket Mdtors. Premature firing of a
solid propellant rocket nmotor, while the payload is
closer to the Obiter than the m ni rum safe di stance,
is a catastrophic hazard.

Saf e Di stance. The safe distance for firing a solid
rocket notor is defined as the separation distance
achieved 45 mnutes after deploynent with the payl oad
coasting with a mninum separation velocity of 1 foot
per second. Payloads with a positive separation
velocity less than 1 foot per second either:

(1) Shall provide an RF command capability as a flight
crew function to inhibit automati c sequencing until a
saf e distance is assured; or
nitiate payl oad sequenci ng (such as,

r

(2) Shall i
starting a tinmer that wll renmove inhibits to cause
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202. 1b

202. 1c

202. 1d

202. 1d( 1)

engine firing) by a real-time RF command with prior
NSTS coordi nati on and approval and the RF conmand to
start sequencing shall not be sent until a safe
separation distance is assured. For payl oads depl oyed
wi th the Renote Manipul ator System (RMS), sequencing
shall be initiated by a real time RF comand.

Safe and Arm (S&A) Device. Al solid propellant rocket
notors shall be equi pped with an S&A devi ce t hat

provi des a nechanical interrupt in the pyrotechnic
train i medi ately downstreamof the initiator. The S&A
device shall be designed and tested in accordance with
provi sions of ML-STD 1576. |If the S&A device is to be
rotated to the arm position prior to the payl oad
achieving a safe distance fromthe Obiter: rotation
must be a flightcrew function and nust be done as part
of the final deploynent activities of the payload; and
the initiator nust neet the requirenents of paragraph
210. The S&A nust be in the safe position during
Orbiter boost and entry. There nust be a capability to
resafe the S&A device: if the S&A device is to be
rotated to the armposition while the payload is
attached to the Obiter; or if the solid rocket notor
propul si on subsystem does not qualify for the unpowered
bus exception of paragraph 201.1c(3). |In determ ning
conpliance wth paragraph 201.1c(3), the S&A device in
the "safe" position shall be counted as one of the
required inhibits.

Electrical Inhibits. In addition to the S&A, there
shall be at |east two i ndependent electrical inhibits,
to prevent firing of the notor if the S&A device w ||
be in the "safe" position until the payload reaches a
safe distance fromthe Orbiter. There shall be at

| east three independent electrical inhibits, in
addition to the S&A, if the S&A device will be rotated
to the armposition prior to the payl oad reaching a
safe distance fromthe Orbiter.

Monitoring. Monitoring requirenents are a function of
t he design and operations as follows:

No Rotation of the S&A Prior to a Safe Distance. The
capability to nonitor the status of the S&A devi ce and
one electrical inhibit in near real-tinme is required
until final separation of the payload fromthe Obiter.
No nonitoring is required if the payl oad qualifies for
t he unpowered bus exception of paragraph 201. 1c(3).
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202. 1d( 2)

202. 2
202. 2a

202. 2a( 1)

S&A W1l be Rotated to AromPrior to a Safe D stance.
Prior to rotation of the S&A and separation of the
payl oad fromthe Obiter, the flight or ground crew
must have continuous real-tine nonitoring to determ ne
the status of the S&A and to assure that two of the
three electrical inhibits are in place (paragraph

201. 1c(2)) .

Li quid Propell ant Propul sion Systens.

Premature Firing. The premature firing of a liquid
propel | ant propul sion system before the payl oad reaches
a safe distance fromthe Obiter is a catastrophic
hazard. Each propellant delivery system nust contain a
m ni nrum of three mechanically independent flow control
devices in series to prevent engine firing. A

bi propel |l ant system shall contain a m nimum of three
mechani cal |y i ndependent flow control devices in series
both in the oxidizer and fuel sides of the delivery
system These devices nust prevent contact between the
fuel and oxidizer as well as prevent expul sion through
the thrust chanber(s). Except during ground servicing
and as defined in paragraph 202.2a(2)(a), these devices
will remain closed during all ground and flight phases
until the payl oad reaches a safe distance fromthe
Obiter. A mninumof one of the three devices wll be
fail-safe, i.e., return to the closed condition in the
absence of an opening signal.

Safe Distance Criteria. The hazard of engine firing

cl ose enough to inflict damage to the Orbiter due to
heat flux, contam nation, and/or perturbation of the
Orbiter, is in proportion to the total thrust inparted
by the payload in any axis and shall be controlled by
establishing a safe distance for the event. The safe
di stance shall be determi ned using Figure 1 (see
Appendi x C). For large thruster systens with greater
than 10 pounds total thrust, the collision hazard with
the O biter nust be controlled by considering the safe
di stance criteria in Figure 1, together wth the
correct attitude at tinme of firing. For small reaction
control system (RCS) thrusters with | ess than 10 pounds
total thrust, the collision hazard nust be controll ed
by the safe distance criteria in Figure 1 with

consi deration of many variabl es such as depl oynent

met hod, appendage orientation, and control authority.
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202. 2a( 2)

| sol ation Valve. One of the flow control devices shal
isolate the propellant tank(s) fromthe remainder of
the distribution system

202.2a(2)(a) Opening the Isolation Valve. |If a payload with a

| arge liquid propellant thruster system al so uses a
smal | reaction control thruster systemfor attitude
control, the isolation valve in a conmon

di stribution system nmay be opened after the payl oad
has reached a safe distance for firing the reaction
control thrusters provided the applicable

requi renments of paragraphs 202.2a(3) and 202. 2a(4)
have been nmet and two nechanical flow contro
devices remain to prevent thrusting of the |arger
system

202.2a(2)(b) Pyrotechnic Isolation Valves. If a normally

202. 2a( 3)

cl osed, pyrotechnically initiated, parent netal
valve is used, fluid flow or | eakage past the
barrier wll be considered nmechanically noncredible
if:

a. The valve has an internal flow barrier
fabricated froma continuous unit of
nonwel ded parent netal.

b. The valve integrity is established by rigorous
qual i fication and acceptance testing.

When the valve is used as a flow control device,
the number of inhibits to valve activation
determ nes the failure tol erance against fluid
flow.

Electrical Inhibits. Wile the payload is closer to
the O biter than the m ni rum safe di stance for engine
firing, there shall be at |east three independent
electrical inhibits that control the opening of the
flow control devices. The electrical inhibits shall be
arranged such that the failure of one of the electrical
inhibits will not open nore than one flow control
device. If the isolation valve will be opened under
the conditions of paragraph 202.2a(2)(a) prior to the
payl oad achieving a safe distance for firing a | arge
thruster, three independent electrical inhibits nust
control the opening of the remaining flow control
devices for the large thruster system
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202.2a(4) Monitoring. At least two of the three required
i ndependent el ectrical inhibits shall be nonitored by
the flight or ground crew until final separation of the
payl oad fromthe Orbiter. The position of a nechani cal
flow control device may be nmonitored in lieu of its
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202. 2b

202. 2c

el ectrical inhibit, provided the two nonitors used to
meet the above requirenment are independent. Either
near real-tine or real-tinme nonitoring will be required
as defined in paragraphs 201. 1c(1) and 201.1c(2). One
of the nmonitors nmust be the electrical inhibit or
mechani cal position of the isolation valve. Mnitoring
will not be required if the payload qualifies for the
unpower ed bus exception of paragraph 201.1c(3). |If the
i solation valve will be opened prior to the payl oad
achieving a safe distance fromthe Obiter, all three
of the electrical inhibits that will remain after the
opening of the isolation valve nust be verified safe
during final predeploynent activities by the flight or
ground crew.

Adi abati c/ Rapi d Conpression Detonation. Wile the
payload is inside the Obiter cargo bay, the

i nadvertent opening of isolation valves in a hydrazine
(N2H4) propellant systemshall be controlled as a
catastrophi c hazard unless the outlet lines are
conpletely filled with hydrazine or the systemis shown
to be insensitive to adiabatic or rapid conpression
detonation. Hydrazine systens will be considered
sensitive to conpression detonation unless
insensitivity is verified by testing on flight hardware
or on a high fidelity flight type systemthat is
constructed and cleaned to flight specifications. Test
pl ans nmust be submitted to the NSTS as part of the
appropriate hazard report. |If the design solution is
to fly wet downstream of the isolation valve, the
hazard anal ysis nust consider other issues such as
hydrazi ne freezing or overheating, |eakage, single
barrier failures, and back pressure relief.

Propel | ant Overheating. Raising the tenperature of a
propel | ant above the fluid conpatibility limt for the
materials of the systemis a catastrophic hazard.
Conmponents in propellant systens that are capabl e of
heating the system (e.g., heaters, valve coils, etc.)
shall be two-failure tolerant to heating the propellant
above the material /fluid conpatibility [imts of the
system These limts shall be based on test data
derived from NASA- STD- 6001 test nethods or on data
furni shed by the payl oad supplier and approved by the
NSTS. Propellant tenperatures |ess than the

material /fluid conpatibility limt, but greater than
200 degrees Fahrenheit nust be approved by the NSTS.
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202. 2d

202. 3

202. 4
202. 4a

202. 4b

The use of inhibits, cutoff devices, and/or crew safing
actions may be used to nake the systemtwo failure
tolerant to overheating. Mnitoring of inhibits
(paragraphs 201.1c and 201.3) or of propellant
tenperature will be required.

Propel | ant Leakage. A payload shall be two failure
tolerant to prevent |eakage of propellant into the
Orbiter cargo bay past seals, seats, etc., if the |leak
has a flow path to the storage vessel. |If the leak is
in an isolated segnent of the distribution system
failure tolerance to prevent the leak will depend on
the type and quantity of propellant that could be

rel eased. As a mninmumsuch a leak wll be one failure
tol erant.

| nadvertent Depl oynent, Separation, and Jettison
Functions. |nadvertent deploynent, separation or
jettison of a payl oad, payl oad el enent or appendage is
a catastrophic hazard unless it is shown otherw se.
The general inhibit and nonitoring requirenents of

par agraph 201 shall apply.

Pl anned Depl oynent/ Ext ensi on Functi ons.

Preventing Payl oad Bay Door Closure. |If during planned
payl oad operations an el enent of the payl oad or any
payl oad airborne support equi pnent (ASE) violates the
payl oad bay door envel ope, the hazard of preventing
door closure nust be controlled by independent primry
and backup nethods. The conbination of these nethods
must be two-fault tolerant. Two nethods are considered
i ndependent if no single event or environnment can
elimnate both nethods (i.e., the nethods have no
common cause failure node).

Cannot Wt hstand Subsequent Loads. |f during planned
operations an elenment of a payload or its ASE is

depl oyed, extended, or otherw se unstowed to a
condition where it cannot w thstand subsequent STS

i nduced | oads, there shall be design provisions to safe
t he payl oad with redundancy appropriate to the hazard

| evel . Safing may include depl oynent, jettison or

provi sions to change the configuration of the payl oad
to elimnate the hazard.
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202.5

202. 5a

202. 5b

202. 5¢

202. 5d

202. 5e

202. 6

RF Transmtters. Allowable Ievels of radiation from
payl oad transmtting antenna systens are defined in the
| CD, NSTS 07700, Volunme XV, Attachnment 1 (ICD
2-19001). These |l evels define payl oad-to-payl oad,

payl oad-to-Orbiter, payload-to-RV5, and payl oad-to- EVA
limts. Payloads wth intentional radiation above the
ICDlimts will be assessed by the SSP for hazardous

i npact. The RF exceedances wll be identified in the
payl oad-uni que 1 CD or an equival ent docunent. The
fol |l ow ng paragraphs also apply for payload RF
transm ssi on.

Payl oad Bay Doors Open. RF transmission is allowed in
accordance wth section 10.7.3 of |CD 2-19001.

Payl oad Bay Doors Closed. RF transmission is permtted
in accordance with the limt identified in paragraph
10.7.3.2.2.2.1 of I1CD2-19001. The planned RF

transm ssion will be docunented in the payl oad-uni que

| CD.

Obiter Crew Cabin. RF transmssion is allowed in
accordance with section 8.3.2 of NSTS 21000-1 DD- MDK.

Inhibits. For payload transmitters in the payl oad bay
or crew cabin, three independent inhibits are required
whenever the intentional radiation wiuld exceed the 1CD
limts and is assessed as hazardous.

Monitoring. RF transmitter inhibits do not require
nmoni toring unless the radiation | evels woul d exceed the
| CD al | owabl e I evels by nore than 6 dB in which case
two of three inhibits nust be nonitored.

Fluid Rel ease froma Pressurized SystemInside of a

Cl osed Vol une. Release of any fluid from pressurized
systens shall not conmprom se the structural integrity
of any cl osed volune in which hardware is contai ned,
such as the Shuttle cargo bay or crew habitable
volumes. I n accordance with NSTS 07700 (Vol une XV,
Attachnent 1, 1CD 2-19001, Section 10.6. 2. 3),
pressurized systens that are two fault tolerant to

rel ease of fluid through controlled rel ease devices do
not require analysis. Also, pressurized systens that
are two fault tolerant or designed for mninmumrisk, as
applicable, to prevent |eakage, do not require

anal ysis. Systens which do not neet the above shall be
revi ewed and assessed for safety on a case-by-case
basi s, and approval nust be given by the SSP.
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203 RETRI EVAL OF PAYLOADS

203.1

203. 2

203. 3

Safing. Deployable and/or free flying payl oads that
are designed to be retrieved or revisited shall have
the capability to return systens which are hazardous to
a safe condition (i.e., neet all the applicable

requi renents of this docunent).

Substantiating Failure Tol erance. Payl oads nust be
designed so as to allow substantiation of safing by the
Orbiter flightcrew or ground crew prior to retrieva

and while the payload is still a safe distance fromthe
Orbiter. By direct or indirect neans, it nust be
substanti ated that catastrophic hazardous functions are
at least two-failure tolerant. Specific plans to be
used to determne the safe status of a retrievable

payl oad nust be approved by the NSTS.

Monitoring. After retrieval, the nonitoring
requi renents of paragraphs 201. 1c and 201.3 will apply.
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203. 4

204

205

206

207

Certification. Prior to the NSTS retrieval or revisit
m ssion, the payload organi zation nust certify the
safety of the payload. This certification nust be
based upon a hazard anal ysis that considers the effect
of the current condition of the payload (including the
i npact of all anomalies) during all subsequent flight
and ground operations wth the STS.

HAZARD DETECTI ON AND SAFI NG

The need for hazard detection and safing by the flightcrew
to control time-critical hazards will be mnim zed and

i npl emented only when an al ternate neans of reduction or
control of hazardous conditions is not available. Wen

i npl enented, these functions will be capable of being tested
for proper operations during both ground and flight phases
and shall use existing Obiter systens for fault detection
and annunci ation. Likew se, payl oad designs should be such
that real-tinme nonitoring is not required to maintain
control of hazardous functions. Wth NSTS approval, real-
time nonitoring and hazard detection and safing may be
utilized to support control of hazardous functions provided
t hat adequate crew response tine is avail able and acceptabl e
safing procedures are devel oped.

CONTI NGENCY RETURN AND RAPI D SAFI NG

Al'l payl oads nust be safe for aborts and contingency return
and shall include design provisions for rapid safing.
Hazard controls may include deploynent, jettison or design
provi sions to change the configuration of the payl oad.

FAI LURE PROPAGATI ON

The design shall preclude propagation of failures fromthe
payl oad to the environnment outside the payl oad.

REDUNDANCY SEPARATI ON

Safety-critical redundant subsystens shall be separated by
t he maxi num practical distance, or otherw se protected, to
ensure that an unexpected event that damages one is not
likely to prevent the others fromperform ng the function.
Al'l redundant functions that are required to prevent a

cat astrophi ¢ hazard nust not be routed through a single
connect or.
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208 STRUCTURES

208.1

208. 2

208. 3

Structural Design. The structural design shall provide
ultimate factors of safety equal to or greater than 1.4
for all STS m ssion phases except energency | anding.
This includes | oads incurred during payl oad and Orbiter
operations for all payload configurations or while
changi ng configuration as specified in the PIP.
Verification of design conpliance shall be in
accordance with NSTS 14046. \Wen failure of structure
can result in a catastrophic event, the design shall be
based on fracture control procedures to prevent
structural failure because of the initiation or
propagation of flaws or crack-1ike defects during
fabrication, testing, and service life. Requirenents
for fracture control are specified in NASA-STD 5003.

Ener gency Landi ng Loads. The structural design shal
conply with the ultimate design | oad factors for
energency | anding | oads that are specified in the 1CD s
between the Orbiter and the payload. Structural
verification for these | oads may be certified by

anal ysis only.

Stress Corrosion. Materials used in the design of

payl oad structures, support bracketry, and nounting
hardware shall be rated for resistance to stress
corrosion cracking (SCC) in accordance with the tables
i n MSFC- HDBK- 527/ JSC 09604 and MSFC- STD- 3029. Al l oys
wi th high resistance to SCC shall be used whenever
possi bl e and do not require NSTS approval. Wen
failure of a part made froma noderate or |ow
resistance alloy could result in a critical or
catastrophi c hazard, a Material Usage Agreenent that

i ncludes a Stress Corrosion Evaluation Form from MSFC-
HDBK- 527/ JSC 09604 nmust be attached to the applicable
stress corrosion hazard report contained in the safety
assessnent report (see paragraph 301). Wen failure of
a part made froma noderate or | ow resistance all oy
woul d not result in a hazard, rationale to support the
nonhazard assessnent nust be included in the stress
corrosion hazard report. Approval of the hazard report
shal |l constitute NSTS approval for the use of the alloy
in the docunented applications. Controls that are
required to prevent SCC of conponents after

manuf acturing shall be identified in the hazard report
and cl osure shall be docunented in the verification |og
(see paragraph 214.2) prior to flight.
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208. 4

208. 4a

208. 4a( 1)

208. 4a( 2)

Pressure Systens. The maxi mum desi gn pressure (NDP)
for a pressurized system shall be the highest pressure
defined by maxi numrelief pressure, maxi mum regul ator
pressure or maxi mumtenperature. Transient pressures
shal | be considered. Design factors of safety shal
apply to MDP. \Where pressure regulators, relief
devices, and/or a thermal control system (e.g.,
heaters) are used to control pressure, collectively

t hey nust be two-fault tolerant from causing the
pressure to exceed the MDP of the system Pressure
integrity shall be verified at the system| evel

Pressure Vessels. Safety requirenents for payl oad
pressure vessels are listed in the paragraphs bel ow.
Particular attention will be given to ensure
conpatibility of vessel materials with fluids used in
cl eaning, test, and operation. NDP as defined in

par agraph 208.4 shall be substituted for all references
t o maxi num expect ed operating pressure (MECP) in the
pressure vessel standards. Data requirenents for
pressure vessels are listed in NSTS/ISS 13830.

Metallic Pressure Vessels. Metallic pressure vessels
shall conply with the pressure vessel requirenents of

M L- STD- 1522A as nodi fi ed by subparagraphs (a), (b) and
(c) bel ow

(a) Approach "B" of figure 2 is not acceptable.

(b) Nondestructive evaluation (NDE) of safe-life
pressure vessels shall include inspection of welds
after proof testing.

(c) A proof test of each flight pressure vessel to a
mnimumof 1.5 x MDP and a fatigue analysis showi ng a
m ni mrum of 10 design lifetinmes may be used in |lieu of
testing a certification vessel to qualify a vesse
design that in all other respects neets the

requi renents of this docunent and M L- STD 1522A,
Approach A.

ANSI / Al AA S-080 may be used in lieu of ML-STD 1522A
and the above subparagraphs for netallic pressure
vessel s.

Conposite Overw apped Pressure Vessels (COPVs). COPVs
shall neet the intent of the pressure vessel
requirements in ANSI/ Al AA S-081. A danmage control plan
and stress rupture |life assessnent are required for
each COPV.
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208. 4b Dewars. Dewar/cryostat systens are a special category
of pressurized vessels because of unique structural
desi gn and performance requirenents. Pressure
containers in such systens shall be subject to the
requi renents for pressure vessels specified in
par agr aphs 208.4 and 208.4a as supplenmented by the
requi renents of this section.
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(1) Pressure containers shall be | eak-before-burst
(LBB) designs where possible as determ ned by a
fracture nmechani cs analysis. Containers of hazardous
fluids and all non-LBB designs nust enploy a fracture
mechani cs safe-life approach to assure safety of
operation.

(2) NMDP of the pressure container shall be as

determ ned i n paragraph 208.4 or the pressure achieved
under maxi mum venting condi ti ons whi chever is higher.
Rel i ef devices nust be sized for full flow at MDP.

(3) CQuter shells (i.e., vacuum jackets) shall have
pressure relief capability to preclude rupture in the
event of pressure container |eakage. |If pressure
contai ners do not vent external to the dewar but
instead vent into the volune contained by the outer
shell, the outer shell relief devices nust be capable
of venting at a rate to release full flow w thout outer
shell rupture. Relief devices nust be redundant and

i ndi vidual ly capable of full flow

(4) Pressure relief devices which Iimt maxi mum design
pressure nust be certified to operate at the required
conditions of use. Certification shall include testing
of the same part nunber fromthe flight |ot under the
expected use conditions.

(5) Nonhazardous fluids may be vented into the cargo
bay if analysis shows that a worst case credible vol une
release will not affect the structural integrity or
thermal capability of the Orbiter.

(6) The proof test factor for each flight pressure
container shall be a mninumof 1.1 tines MDP.
Qualification burst and pressure cycle testing is not
required if all the requirenents of paragraphs 208. 4,
208. 4a and 208.4b are met. The structural integrity
for external |oad environnments nust be denonstrated in
accordance wth NSTS 14046.
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208. 4c

208. 4d

208.5

Pressurized Lines, Fittings, and Conponents.

(1) Pressurized lines and fittings with less than a
1.5-inch outside dianeter and all flex-hoses shall have
an ultimate factor of safety equal to or greater than
4.0. Lines and fittings with a 1.5-inch or greater
outside dianeter shall have an ultimte factor of
safety equal to or greater than 1.5.

(2) Al line-installed bellows and all heat pipes
shall have an ultimate safety factor equal to or
greater than 2.5.

(3) OQher components (e.g., valves, filters,

regul ators, sensors, etc.) and their internal parts
(e.g., bellows, diaphragns, etc.) which are exposed to
system pressure shall have an ultinmate factor of safety
equal to or greater than 2.5.

(4) Secondary conpartments or volunes that are
integral or attached by design to the above parts and
whi ch can becone pressurized as a result of a credible
single barrier failure nust be designed for safety
consistent wth structural requirenents. These
conmpartments shall have a mninmum safety factor of 1.5
based on MDP. |If external |eakage woul d not present a
catastrophic hazard to the Obiter, the secondary

vol ume nust either be vented or equipped with a relief
provision in |lieu of designing for system pressure.

Fl ow I nduced Vi bration. Flexible hoses and bel | ows
shal | be designed to exclude flow induced vibrations
whi ch could result in a catastrophic hazard to the STS.

Seal ed Conpartnents. Payl oad seal ed conpartnents

wi thin a habitable volune, including containers which
present a safety hazard if rupture occurs, shall be
capabl e of w thstandi ng the maxi num pressure
differential associated with energency depressurization
of the habitable volunme. Payloads |ocated in any other
region of the Orbiter shall be designed to wthstand

t he deconpression and repressurization environnments
associ ated with ascent or decent.

209 NMATERI ALS

VBFC- HDBK- 527/ JSC 09604 contains a listing of materials
(both netals and nonnetals) with a "rating" indicating
acceptability for each material's characteristic. For
materials which create potential hazardous situations as
described in the paragraphs bel ow and for which no prior
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NASA test data or rating exists, the payload organi zation
shal | present other test results for NSTS review or request
assistance fromthe NSTS in conducting applicable tests.
The payl oad material requirenents for hazardous materials,
flammability, and offgassing are as foll ows:

209.1 Hazardous Materials. Hazardous nmaterials shall not be
rel eased or ejected in or near the Obiter. During
exposure to all STS environnments, hazardous fluid
systens nust contain the fluids unless the use of the
Orbiter vent/dunp provisions has been negotiated with
the NSTS. Payl oad organi zations shall submt material
data for toxicol ogical assessnents per JSC 27472.

209. 1a Fluid Systens. Particular attention shall be given to
material s used in systens containing hazardous fl uids.
These hazardous fluids include gaseous oxygen, |iquid

oxygen, fuels, oxidizers, and other fluids that could
chem cally or physically degrade the system or cause an
exotherm c reaction. Those materials within the system
exposed to oxygen (liquid and gaseous), both directly
and by a credible single barrier failure, nmust neet the
requi rements of NASA- STD-6001 at MDP and tenperature.
Materials wthin the system exposed to other hazardous
fluids, both directly and by a credible single barrier
failure, nust pass the fluid conpatibility requirenents
of NASA- STD- 6001 at MDP and tenperature. The payl oad
supplier's conpatibility data on hazardous fluids may
be used to accept materials in this category if
approved by the NSTS.

209. 1b Chem cal Rel eases. The use of chem cals which would
create a toxicity problem (including irritation to skin
or eyes) or cause a hazard to STS hardware if rel eased
shoul d be avoided. |If use of such chem cals cannot be
avoi ded, adequate contai nnent shall be provided by the
use of an approved pressure vessel as defined in
par agraph 208.4 or the use of two or three redundantly
seal ed contai ners, depending on the toxicol ogical
hazard for a chemcal with a vapor pressure bel ow 15
psia. The payl oad organi zati on nust assure that each
| evel of containment will not |eak under the maxi num
use conditions (i.e., vibration, tenperature, pressure,
etc.). Mercury is an exanple of such a chem cal, since
it produces toxic vapors and can anmal gamate with netal s
or netal alloys used in spacecraft hardware.
Docunent ati on of chem cal usage, along wth the
cont ai nment nethods, will be supplied for review and
approval .
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209. 2

209. 2a

209. 2b

209. 2c

209. 3

Fl ammabl e Materials. A payload nust not constitute an
uncontrolled fire hazard to the STS or other payl oads.
The m ni num use of flammable materials shall be the
preferred nmeans of hazard reduction. The determ nation
of flammability shall be in accordance w th NASA- STD
6001. @uidelines for the conduct of flammability
assessnents are provided in NSTS 22648. A flammbility
assessnent shall be docunented in accordance with
NSTS/ | SS 13830.

Orbiter Cabin. WMaterials used in the Orbiter cabin
must be tested in accordance with NASA- STD-6001 at the
use condition of 10.2 psi total pressure and 30 percent
oxygen concentration (worst case Orbiter cabin
condition). When flammable materials are used in
guantities where the weight or surface area is greater
than 0.1 pounds or 10 square inches respectively, the
met hods of control of flanme propagation nust be
described in the flanmability assessnent report.

G her Habitable Areas. Materials used in habitable
areas other than the Obiter cabin shall be tested in
accordance with NASA-STD- 6001 in the worst case

at nosphere (i.e., oxygen concentration). Propagation
pat h consi derations of paragraph 209.2a apply.

Qut si de Habitable Areas. Materials used outside the
Orbiter cabin shall be evaluated for flammbility in an
air environnment at 14.7 psi. Propagation path

consi derations of NSTS 22648 apply for material usages
of greater than 1 pound and/or dinmensions exceeding 12
i nches.

Material O fgassing in Habitable Areas. Usage of
material s which produce toxic |evels of offgassing
products shall be avoided in habitable areas. Payl oad
el ements going into such areas are required to be

subj ected to offgassing tests (bl ack-box |evels) for
safety validation prior to integration with STS

el ements. R gorous material control to insure that al
sel ected materials have acceptabl e of fgassi ng
characteristics is a negotiable alternative to bl ack-
box | evel testing. The offgassing test specified in
NASA- STD- 6001 or an NSTS approved equi val ent shall be
used for the black-box |evel offgassing test. The
docunent MSFC- HDBK-527/JSC 09604 contains a |listing of
materials and bl ack boxes that have been subjected to
of fgassi ng tests.
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210 PYROTECHNI CS

If premature firing or failure to fire will cause a hazard,
t he pyrotechni c subsystem and devices shall neet the design
and test requirenents of M L-STD 1576.

210.1 Initiators. NASA Standard Initiators (NSI's) are the
preferred initiators for all safety critica
pyrotechnic functions. ML-STD 1576 qualification and
acceptance test requirements, or equivalent, apply if
other initiators are used.
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210. 2
210. 2a

210. 2b

210. 2c

210. 3

Pyr ot echni ¢ Oper at ed Devi ces.

Debris Protection. Pyrotechnic devices that are to be
operated in the Obiter or that do not neet the
criteria of this docunent to prevent inadvertent
operation, shall be designed to preclude hazards due to
effects of shock, debris, and hot gasses resulting from
operation. Such devices shall be subjected to a

"l ocked-shut" safety denonstration test (i.e., a test
to denonstrate the capability of the devices to safely
wi thstand internal pressures generated in operation
with the noveable part restrained inits initial

posi tion).

Must Function Safety Critical Devices. Were failure
to operate will cause a catastrophic hazard,

pyr ot echni c operated devices shall be designed,
controlled, inspected, and certified to criteria

equi valent to those specified in NSTS 08060. The data
required for NSTS review are identified in NSTS/ |SS
13830. If the device is used in a redundant
application where the hazard is being controlled by the
use of nultiple independent nethods, then in |lieu of
denonstrating conpliance with criteria equivalent to
NSTS 08060, sufficient margin to assure operation mnust
be denonstrated. Wen required, pyrotechnic operated
devi ces shall denonstrate performance margin using a
single charge or cartridge | oaded with 85 percent (by
wei ght) of the m ninum all owabl e charge or ot her

equi val ent margi n denonstrations.

El ectrical Connection. Payloads with pyrotechnic
devices which if prematurely fired may cause injury to
peopl e or damage to property shall be designed such
that these devices can be electrically connected in the
Obiter after all payload/Obiter electrical interface
verification tests have been conpleted. O dnance
circuitry nust be verified safe prior to connection of
pyr ot echni c devices. Exceptions to this require
specific approval of the Launch Site Safety Ofi ce.

Traceability. The payl oad organi zation shall furnish
the NSTS a list of all safety critical pyrotechnic
initiators installed or to be installed on the payl oad,
giving the function to be perforned, the part nunber,
the | ot nunber, and the serial nunber.
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211 DESTRUCT SYSTEMS

212
212. 1

212. 2

212. 3

212. 4

Destruct systens will be used only when approved by the NSTS
and nust conply with the requirenents of paragraphs 200,
201, 202, 204, and 210.

RADI ATl ON

| oni zi ng Radi ati on. Payl oads containing or using
radi oactive materials or that generate ionizing

radi ation shall be identified and approval obtained for
their use. Descriptive data shall be provided in
accordance wth NSTS/ISS 13830. Mjor radioactive
sources require approval by the Interagency Nucl ear
Saf ety Revi ew Panel through the NASA coordi nator for
the panel. DOD payl oads involving radioactive
materials will be processed through their own
established procedures. Radioactive materials shal
conply with appropriate license requirenents at the
pl anned | aunch and | anding sites.

Em ssions and Susceptibility. Payload em ssions shal
be limted to those levels identified in section 10.7.3
of I CD 2-19001 or section 8.3 of NSTS 21000-1 DD MDK.
Payl oads wi th unintentional radiation (EM) above the

| evel s identified in I CD2-19001 or NSTS 21000-1 DD- MDK
wi |l be assessed by the SSP for hazardous inpact. The
EM exceedances will be identified in the payl oad-

uni que |1 CD or an equival ent docunent. The payl oad nust
denonstrate that its safety critical equipnment is not
susceptible to the el ectromagneti c environnment defined
in section 10.7.2 of I1CD 2-19001 or section 8.2 of NSTS
21000- | DD- MDK.

Lasers. Lasers used on STS payl oads shall be desi gned
and operated in accordance with Anmerican Nati onal
Standard for Safe Use of Lasers, ANSI-Z-136. 1.

Optical Requirements. Optical instrunments shal

prevent harnful light intensities and wavel engths from
bei ng viewed by operating personnel. Quartz w ndows,
apertures or beam stops and encl osures shall be used
for hazardous wavel engths and intensities. Light
intensities and spectral wavel engths at the eyepi ece of
direct viewi ng optical systens shall be bel ow t he
Threshold Limt Values (TLVs®) for physical agents as
defined by the American Conference of CGovernnental

I ndustrial Hygienists (ACAH®) in Threshold Limt

Val ues and Bi ol ogi cal Exposure Indices.
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213 ELECTRI CAL SYSTEMsS

213.1

General. Electrical power distribution circuitry shal
be designed to include circuit protection devices to
protect against circuit damage normal ly associated with
an electrical fault when such a fault could result in
damage to the Orbiter or present a hazard to the crew
by direct or propogated effects. Bent pins or
conductive contam nation in an el ectrical connector
will not be considered a credible failure node if a
postmate functional verification is
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213. 2

213.3

214

214. 1

1700b

performed to assure that shorts between adjacent
connector pins or frompins to connector shell do not
exist. |If this test cannot be perforned, then the

el ectrical design nust insure that any pin if bent
prior to or during connector mating cannot invalidate
nore than one inhibit and that conductive contam nation
is precluded by proper inspection procedures.

Batteries. Batteries used on STS payl oads shall be
designed to control applicable hazards caused by
bui l dup or venting of flammable, corrosive or toxic
gasses and reaction products; the expul sion of

el ectrolyte; and by failure nodes of overtenperature,
shorts, reverse current, cell reversal, |eakage, cel
grounds, and overpressure. Safety guidelines for STS
payl oad batteries are contained in JSC 20793. Since
lithiumbatteries have uniquely hazardous failure
nodes, their use is discouraged where the use of other
types of cells is feasible. Wen [ithiumbatteries are
used, the NSTS wll require extensive testing and

anal yses to denonstrate their safety under al
applicable failure nodes.

Li ghtning. Payl oad electrical circuits may be
subjected to the electromagnetic fields described in
NSTS 07700, Volunme XV, Attachnent 1 (I1CD 2-19001) due
to alightning strike to the launch pad. |If circuit
upset could result in a catastrophic hazard to the STS,
the circuit design shall be hardened against the
environnment or insensitive devices (relays) shall be
added to control the hazard.

VERI FI CATI ON

Test, analysis, and inspection are comon techniques for
verification of design features used to control potenti al
hazards. The successful conpletion of the safety process
will require positive feedback of conpletion results for al
verification itens associated with a given hazard.
Reporting of results by procedure/report nunber and date is
required.

Mandat ory | nspection Points (MP s). Wen procedures
and/ or processes are critical steps in controlling a
hazard and the procedure and/or process results wll
not be independently verified by subsequent test or

i nspection, it wll be necessary to insure the
procedure/ process is independently verified in
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real-time. Critical procedure/process steps nust be
identified in the appropriate hazard report as MP's
requi ring i ndependent observation.

214. 2 Verification Tracking Log. A payload safety
verification tracking log (see NSTS/ISS 13830) is
required to properly status the conpl etion steps
associated wth hazard report verification itens.

215 HAZARDOUS OPERATI ONS

215.1 Hazard I dentification. The payload organi zation shal
assess all payload flight and ground operati ons and
determ ne their hazard potential to the STS. The
hazar dous operations identified shall be assessed in
the applicable flight or ground safety assessnent
report.

215. 2 Exposure to Risk. STS exposure to increased risk as a
result of ground or flight operations shall be
m nimzed. Those ground operations (e.g., arnplug
installation in a payload pyrotechnic system final
ordnance connection, radioi sotope thernoelectric
generator (RTG installation, etc.) which place the
payl oad in a configuration of increased hazard
potential shall be acconplished as |ate as practicable
during the payload processing flow at the | aunch site.

215.3 Access. Payl oads shall be designed such that any
requi red access to hardware during flight or ground
operations can be acconplished with mnimumrisk to
per sonnel .

216 SERI ES PAYLOADS AND REFLOWN HARDWARE

"Ref |l own hardware" are payl oads or el enents of payl oads
whi ch are made up of hardware itens that have already
physically flown on the STS and are being mani fested for
reflight. "Series payl oads" are payl oads or el enments of
payl oads which are of the same or simlar design to
previously flown STS payl oads.

216.1 Recertification of Safety. Series payloads and refl own
har dwar e nust be recertified safe and nust neet all the
safety requirenents of this docunent. Caution should
be exercised in the use of previous safety verification
data for the new usage.
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216. 2

216. 3

216. 4

216.5

217

1700b

Previ ous M ssion Safety Deficiencies. Al anonmalies
during the previous payl oad m ssions nust be assessed
for safety inpact. Those anonalies affecting safety
critical systens nust be reported and corrected.

Rati onal e supporting continued use of the affected
design, operations or hardware nmust be provided for
NSTS approval .

Limted Life Itenms. All safety critical age sensitive
equi pnment nust be refurbished or replaced to neet the
requi renents of the new STS m ssion

Ref ur bi shnent. Safety inpact of any changes,

mai nt enance or refurbi shnment nade to the hardware or
operating procedures nust be assessed and reported in
the safety assessnent reviews (paragraph 304).

Har dwar e changes i ncl ude changes in the design of the
payl oad, changes of the materials of construction,
changes in sanple materials that nmay be processed by
t he payl oad, etc.

Saf ety Waivers and Deviations. The acceptance
rationale for all deviations fromthe previous flight
must be revalidated by the payl oad organi zati on.

Wai vered conditions fromthe previous STS flight nust
be corrected.

EXTRAVEHI CULAR ACTIVITY (EVA)

Al'l payl oad requirenents for EVA nust be defined and
docunented in the PIP. Any agreed to EVA task used to
satisfy the failure tolerance criteria of this docunent can
be used only as a third Il evel of protection to safe a

payl oad. Payl oad organi zati ons which plan to use crew EVA
for m ssion enhancenent, m ssion success, or safety critical
payl oad operations will conmply with the requirenents of NSTS
07700, Volume XV, Appendix 7. Any payload outside the crew
habitable area within 24 inches of the SSP Orbiter sills or
ai rl ock hatch, and/or within any 48-inch worksite envel opes
must nmeet EVA crewnenber contact hazard requirenents in NSTS
07700, Volunme XIV, Appendix 7, for inadvertent contact, and
t he payl oad organi zati on nmust docunent the associ ated
hazards. Furthernore, all other payl oads outside the crew
habi t abl e area nust be assessed for conpliance with EVA
crewrenber contact hazard requirenments in NSTS 07700, Vol une
XI'V, Appendix 7, for inadvertent contact, and the payl oad
organi zati on nust docunent the associ ated hazards.
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218 PAYLOAD COMVANDI NG

Al'l hazardous commands that can be sent to the payl oad shal
be identified. Hazardous commands are those that can renove
an inhibit to a hazardous function or activate an unpowered
hazar dous payl oad system Failure nodes associated with
payl oad flight and ground operations including hardware,
software, and procedures used in comandi ng from payl oad
operations control centers (POCC s) and other ground

equi pnment nust be considered in the safety assessnent to
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219

220

220.1
220.1
220.1

220.1

1700b

determ ne conpliance with the requirenments of paragraphs
200. 1, 201, and 202. NSTS 19943 treats the subject of

hazar dous conmandi ng and presents the guidelines by which it
wi || be assessed.

FLAMMABLE ATMOSPHERES

During Orbiter entry, |anding, and postlandi ng operations
(whet her planned or contingency), the normal payl oad
functions shall not cause ignition of a flammbl e payl oad
bay atnosphere that may result from| eakage or ingestion of
fluids into the payl oad bay.

CREW HABI TABLE PAYLQOADS

Thi s paragraph establishes additional safety requirenents
applicable to NSTS crew habitabl e payl oads. A crew
habi t abl e payload is defined as a space capsul e (spacecraft
or nodul e) which when docked or mated with the Orbiter and
provi ded with atnospheric support fromObiter systens, is
capabl e of supporting intravehicular activity (IVA) in a
shirt sleeve environnent for a limted period of tinme. The
crew habitabl e payl oad may either be an orbiting capsul e
visited by the Obiter or a capsule |aunched and returned
within the Orbiter cargo bay.

At nospher e.
a Verification of Habitability.

a(l) Ofgassing. The payload design shall assure the
of fgassing load to the internal manned conpartnent wl |
not exceed the spacecraft nmaxi mum al | owabl e
concentrations (SMAC s) of atnospheric contam nants
specified in JSC 20584 at the tine of ingress. Al
crew habitabl e payl oad hardware will be tested for
of fgassi ng characteristics according to NASA- STD- 6001
as required by paragraph 209.3 of this docunent and
wi |l include neasurenent of the internal atnosphere of
a full scale, flight configured payl oad as a final
verification of acceptability. Time periods prior to
crew i ngress during which the payl oad does not have
active atnospheric contam nation control nust be
consi der ed.

a(2) Verification for Revisit Mssions. Payloads that
remain in orbit for extended periods nust ensure that
t he manned conpartnent is environnentally safe prior to
crew ingress during any revisit.
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220. 1a( 3)

220. 1b

220. 1c

220. 1d

Addi tionally, provisions for sanpling of the
representative payload internal atnosphere prior to
crew i ngress shall be provided. Post flight ground
analysis of this sanple by the NSTS is required prior
to the next revisit to determ ne any unusual gas
bui l dup and the need to define toxic gas detection
requi renents prior to the subsequent revisit m ssions.

Experi ment Leakage. Experinents conducted during
manned operations nust neet the contai nment

requi renents of paragraph 209.1b. Experi nent
configurations during unmanned operations are not
restricted; however, the manned conpartnent nust be
environmental |y safe for crew ingress during any
revisit. Safe conditions for entry may be established
by review of the containment design features, proof of
adequat e at nospheric scrubbing for the chem ca

i nvol ved, vacuum evacuation, use of payl oad provided
equi pnent capabl e of detecting toxic chemcals prior to
crew exposure, or other techniques suitable for the
particul ar experinent involved.

Internal Environnent. A safe and habitable internal
envi ronment shall be provided within the payl oad

t hroughout all manned operational phases. The payl oad
system shal |l provide proper mxing and circul ati on of

t he atnosphere to assure adequate atnosphere
revitalization by the Orbiter Environnental Control and
Li fe Support Subsystem (ECLSS) and distribution

t hroughout the payl oad.

Cross Contam nation. The payload shall be designed so
as not to create a contam nation hazard in the

at nosphere being shared wwth the Orbiter. The payl oad
shal |l provide a scrubber and filter systemw th
sufficient capacity to cleanse the payload interna

at nosphere of the expected vapor and particul ate
contam nation | oad. SMAC s of atnospheric contam nates
are specified in JSC 20584. The scrubber and filter
system shal |l be capabl e of being activated prior to
crew ingress into the payl oad.

Evacuation. The capability to isolate the payload from
the Orbiter and non-propul sively vent the payl oad

i nternal atnosphere shall be provided. The activation
of the vent systemshall be available to the crewin
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220. 2

220. 2a
220. 2b

the Orbiter whenever the payload is attached to the
Obiter.

Habitability. The habitability of the payload directly
affects the crewrenber's ability to performefficiently
and safely. Payload design features related to
habitability shall be conpatible with and equivalent to
those provided by the Orbiter. NASA-STD 3000 defi nes
gui delines for the design of crewrelated systens.

NASA- STD- 3000 does not represent requirenents inposed
by NASA on manned payl oads, but rather, is provided to
assi st payl oad organi zations in identifying desirable
habitability subsystem design goals. Specific
agreenents on habitability design will be devel oped in
the payl oad integration process. However, if payl oad
environment is jeopardizing crew safety (e.g.

affecting crew health, inducing fatigue to the point
that safety critical tasks could be affected,
interfering with voice communi cation, etc.), the crew
will egress and isolate the payl oad at nosphere fromthe
Obiter.

Acoustic Noi se. Paragraph del eted

| oni zi ng Radi ation. The payload shall include the

radi ation protection features/mass shielding required
to insure that the crewrenber dose rates fromnaturally
occurring space radi ation are kept as | ow as reasonably
achi evabl e (ALARA). Exposure |levels shall not exceed
the limts defined in Figure 5.7.2.2.1-2 of NASA-STD
3000.
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220. 2c

220. 2d

220. 2e

220. 2f

220. 3

Mechani cal Hazards. Payl oad and equi pnment design shal
protect crewrenbers from sharp edges, protrusions, etc.
during all crew operations. Translation paths and

adj acent equi pnent shall be designed to mnimze the
possibility of entanglenent or injury to crewrenbers.

Thermal Hazards. During normal operations, crewnenbers
shall not be exposed to high or |ow surface tenperature
extrenes. Protection shall be provi ded agai nst
continuous skin contact with surfaces above 45 degrees
Centigrade (113 degrees Fahrenheit) or bel ow 4 degrees
Centi grade (39 degrees Fahrenheit). Safeguards such as
war ni ng | abels, protective devices or special design
features to protect the crew fromsurface tenperatures
outside these safe limts, shall be provided for both
nom nal and contingency operations.

El ectrical Hazards. G ounding, bonding, and insulation
shall be provided for all electrical equipnment to
protect the crew fromelectric shock during nom nal and
contingency operational phases while the crewis in the
payl oad.

Lighting. The lighting illum nation |evel provided

t hroughout the payl oad shall permt planned crew
activities without injury. A backup/secondary |ighting
system shal | be provided consistent with energency
egress requirenents or in case of failure of the
primary lighting system

Fire Protection. A fire protection system conprised of
fire detection, warning, and Hal on 1301 or equival ent
suppressi on devices shall be provided in the payl oad.
The fire protection system shall enconpass both

har dwar e and crew procedures for adequate control of
the fire hazard within the cabin volunme as well as

Wi thin equi pment racks within the pressurized hull

The fire protection systemshall incorporate test and
checkout capabilities such that the operati onal

readi ness of the entire systemcan be verified by the
crewnenbers. The fire protection systemshall have
redundant el ectrical power sources and shal

i ncor porate redundant detection and warning capability
and redundant activation of suppressant devices. Fire
detection annunci ation and control of the payload fire
protection systemshall be provided to the crew in both
the Orbiter and payload during all O biter/payl oad
attached m ssion phases.
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220. 4
220. 4a

220. 4b

220.5

Emer gency Safi ng.

Crew Egress. The payl oad design shall be conpatible
wi th enmergency safing and rapid crew escape.
Crewnenbers shall be provided with clearly defined
escape routes for energency egress in the event of a
hazardous condition. \Were practical, dual escape
routes fromall activity areas shall be provided.

Payl oad equi pnent | ocation shall provide for protection
of conpartnent entry/exit paths in the event of an
accident. Routing of hardlines, cables, or hoses

t hrough a tunnel or hatch which could hinder crew
escape or interfere with hatch operation for energency
egress is not permtted. Payload hatches which could
i npede crew escape nust remain open during all crew
oper ati ons.

El ectrical System The payl oad el ectrical power

di stribution systemshall have the capability to renove
all electrical power fromthe payl oad including

term nation of power fromboth the payload and O biter
sources. This capability shall be available to the
crew in both the payload and the Orbiter. Separate
safing systens, however, shall be used for nom na

payl oad functions and for essential/energency functions
(e.g., the fire protection, caution and warning, and
energency lighting, etc.). Essential/energency
functions shall be powered from a dedi cated el ectri cal
power bus wi th redundant power sources.

Hat ches. A hatch shall be provided to isolate the
payl oad fromthe Orbiter cabin. Payload hatch design
shal |l be conpatible with enmergency crew egress.

Payl oads shall provide a capability to allow a visual

i nspection of the interior of the payload prior to
hatch opening and crew ingress. All operable hatches
that could close and | atch i nadvertently, thereby

bl ocki ng an escape route, shall have a redundant
(backup) openi ng nechani sm and shall be capabl e of
bei ng operated from both sides. External pressure

hat ches shall be self-sealing. Hatches shall have a
pressure difference indicator clearly visible to the
crewrenber operating the hatch and a pressure
equal i zation device. All hatches shall nomnally be
operabl e wi thout detachable tools or operating devices
and shall be designed to prevent inadvertent opening
prior to conplete pressure equalization. The

payl oad/ Orbiter interface shall provide for Obiter
crew EVA access to the payload bay while the payload is
attached to the Obiter.
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220.6

220. 7
220. 7a

220.7b

220. 8

Caution and Warning. The payload shall incorporate a
caution and warning system Al crew safety caution
and warni ng paraneters shall be redundantly nonitored
and shall cause annunciation in both the Orbiter and
payl oad. As a mninmum payload total pressure, cabin
fan differential pressure, fire detection, oxygen
partial pressure and carbon dioxide partial pressure
shall be nmonitored. The status of all nonitored
paranmeters shall be available to the crewin the
Orbiter prior to entry into the payload. The caution
and warni ng system shall include test provisions to
al l ow the payl oad crewrenbers to verify proper
operation of the system The payl oad provided al ert
system shall be consistent with Orbiter annunciation
practices.

W ndows.

Structural Design. Wndows shall be provided in the
payl oad only when necessary for essential m ssion
operation, and all assenblies shall provide a redundant
pressure pane. The pressure panes shall be protected
from damage by external inpact. The structural design
of wi ndow panes in the pressure hull shall provide a
mnimuminitial ultimte factor of safety of 3.0 and an
end-of-l1ife mninmumfactor of safety of 1.4. W ndow
design shall be based on fracture nechani cs considering
flaw growt h over the design |life of the payl oad.

Transm ssivity. The transmssivity of payl oad w ndows
shal | be based on protection of the crew from exposure
to excess levels of naturally occurring nonionizing
radi ation. Exposure of the skin and eyes of
crewrenbers to nonionizing radiation shall not exceed
the TLVs® for physical agents as defined by the ACG H®
in Threshold Limt Values and Biol ogi cal Exposure

I ndi ces. W ndow design shall be coordinated with other
shi el ding protection design to conply wth the ionizing
radiation limts specified in paragraph 220. 2b.

Conmuni cati ons. Voi ce communi cations, conpatible with
the Orbiter comunications system shall be provided
between the Orbiter crew and payl oad crewrenbers during
al |l manned operations.
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220.9

Pressure Hull. The design of the manned pressure
conpartment shall conmply with the structural design
requi renents of paragraphs 208.1 and 208.2. The hul
maxi mum desi gn pressure (MDP) shall be determ ned as
defined in paragraph 208.4. The ultimte factor of
safety of hull design shall be equal to or greater than
2.0 for both the MDP and the maxi mum negative pressure
differential the hull may be subjected to during nornal
and contingency operations or as the result of two
credible failures. The pressure hull shall be designed
to | eak-before-burst criteria. Structural verification
shall be in accordance with NSTS 14046.
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300

301

302

302.

302.

303

303.

1

CHAPTER 3: SYSTEM PROGRAM REQUI REMENTS

GENERAL
The follow ng requirenents are applicable to all payl oads.
SAFETY ANALYSI S

A safety analysis shall be perfornmed in a systematic manner
on each payload, its GSE, related software, and ground and
flight operations to identify hazardous subsystens and
functions. The safety analysis shall be initiated early in
t he design phase and shall be kept current throughout the
devel opment phase. A safety assessnent report which
docunents the results of this analysis, including hazard
identification, classification, and resolution, and a record
of all safety-related failures, shall be prepared,

mai nt ai ned, and submtted in support of the safety
assessnment reviews conducted by the NSTS in accordance with
paragraph 304. Detailed instructions for the safety

anal ysis and safety assessnent reports are provided in NSTS/
| SS 13830.

HAZARD LEVELS
Hazards are classified according to potential as foll ows:

Critical Hazard. Can result in damage to STS

equi pnent, a nondi sabling personnel injury or the use
of unschedul ed safing procedures that affect operations
of the Orbiter or another payl oad.

Cat astrophic Hazard. Can result in the potential for a
di sabling or fatal personnel injury, |oss of the
Orbiter, ground facilities or STS equipnent.

HAZARD REDUCTI ON

Action for reducing hazards shall be conducted in the
foll owi ng order of precedence:

Design for M ninmum Hazard. The major goal throughout

t he design phase shall be to insure inherent safety

t hrough the sel ection of appropriate design features.
Damage control, containnment, and isolation of potenti al
hazards shall be included in design considerations.
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303. 2

303. 3

303. 4

304

1700b

Saf ety Devices. Hazards which cannot be elim nated

t hrough design sel ection shall be reduced and nmade
control |l able through the use of automatic safety
devices as part of the system subsystem or equipnent.

Warning Devices. Wen it is not practical to preclude
t he existence or occurrence of known hazards or to use
automatic safety devices, devices shall be enployed for
the tinely detection of the condition and the
generation of an adequate warning signal, coupled with
energency controls of corrective action for operating
personnel to safe or shut down the affected subsystem
Warning signals and their application shall be designed
to mnimze the probability of wong signals or of

i nproper reaction to the signal.

Speci al Procedures. Wiere it is not possible to reduce
t he magni tude of an existing or potential hazard

t hrough design or the use of safety and warning

devi ces, special procedures shall be devel oped to
counter hazardous conditions for enhancenent of
personnel safety.

SAFETY ASSESSMENT REVI EW5 AND SAFETY CERTI FI CATI ON

Saf ety assessnment reviews will be conducted by the NSTS
flight operator and the NSTS | aunch/| anding site operator to
determ ne conpliance with the requirenents of this docunent.
An initial contact neeting will be held at the earliest
appropriate tine and will be followed by formal review

nmeeti ngs spaced throughout the devel opnent of the payl oad
and its GSE. The depth, nunber, and scheduling of reviews
wi |l be negotiated with the payl oad organi zation and will be
dependent on conplexity, technical maturity, and hazard
potential. The KSC and JSC phase Il1l safety reviews and
ground safety certification nust be conpleted 30 days prior
to delivery of the payload, ASE, and GSE to the | aunch site
except as noted in NSTS/ISS 13830. The ground safety
certification shall include statenments that the payl oad GSE
and ground operations are safe and in conpliance with NSTS
ground safety requirenents and that open safety verification
fromthe JSC safety reviews for payload design and flight
operations wll not affect safe ground operations.

Rational e for acceptance of open flight verification (see
par agraph 214.2) during ground operations nust be submtted
by the payl oad organi zation with the ground safety
certification statenent and approved by the NSTS

| aunch/ | anding site operator prior to the start of ground
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305

305.1

305. 2

1700b

processing. The flight safety certification shall be
submtted at |east 10 days prior to the Flight Readiness
Review (FRR). The flight safety certification shall include
statenents that the payl oad design and flight operations are
safe and are in conpliance with the NSTS safety requirenents
of this docunent.

SAFETY COVPLI ANCE DATA

Saf ety conpliance data packages shall be prepared by the
payl oad organi zati on to support ground operations of the
payl oad at the |aunch and | anding sites and inflight
operations of the payload with the STS.

For GSE and Ground Operations. The data |isted bel ow
shal |l be submtted to the NSTS | aunch/landing site
operator as part of the data package for the phase II
ground safety review.

a. A payload safety verification tracking |og.

b. A safety assessnent report for GSE design and
ground operations. See paragraph 301.

c. Approved waivers and devi ati ons.

d. A log book maintai ned on each pressure
vessel / system showi ng pressurization history, fluid
exposure, and other pertinent data.

e. A summary and safety assessnment of all safety-
related failures or accidents applicable to payl oad
processi ng, test, and checkout.

For Payl oad Design and Flight Operations. The data
| i sted bel ow shall be submitted to the NSTS flight
operator as part of the data package for the phase II
flight safety review

a. A safety assessnent report for payl oad design and
flight operations. See paragraph 301.

b. A payload safety verification tracking |og.

c. Approved waivers and devi ati ons.
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306

d. A summary and safety assessnment of all safety
related failures and accidents applicable to payl oad
processing, test, and checkout.

e. Alist of all pyrotechnic initiators installed or
to be installed on the payload, giving the function to
be perforned, the part nunber, the | ot nunber, and the
serial nunmber. Submttal of this |ist may be del ayed
to be concurrent with the submttal of the flight
safety certification statenent.

Post - Phase 111 Conpliance. Wen the flight
certification statenent of paragraph 304 is submtted,
it shall be included with an updated payl oad safety
verification tracking |og that docunents the cl oseout
of all required safety verification. The verification
tracking log and the certification statenents nust
reflect the final configuration of the payload that

i ncludes all post phase Il safety activity.

M SHAP/ | NCI DENT/ M SSI ON FAI LURES | NVESTI GATI ON AND
REPORTI NG

M shap/inci dent/ m ssion failures investigation and reporting
for NASA equi prent will be handl ed under the provisions of
NASA Headquarters policy docunents NPD 8621.1 and NPG
8621. 1. NSTS 07700, Volune VIII, Appendix R contains
addi ti onal provisions for payload m shaps/incidents that

i nvol ve the Space Shuttle. For m shap/incident/m ssion
failures invol ving non-DOD payl oads occurring after delivery
to NASA facilities, investigation and reporting will be in
conpliance wth the above NASA docunents. The payl oad
organi zati on and the individual payload el enent or
experinment contractors will cooperate fully with the

i nvestigation and provide any records, data, and other

adm ni strative or technical support and services that may be
deened by the NSTS to be pertinent. For DOD payl oads, the
"Agreenent Between the Departnent of Defense and the
Nat i onal Aeronautics and Space Adm nistration for Joint

I nvestigation of Aircraft or Space System M shaps” w il be
the controlling docunent.
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APPENDI X A:  GLOSSARY OF TERMS

ADI ABATI C COVPRESSI ON DETONATI ON.  An observed phenonenon wher eby
t he heat obtained by conpressing the vapors fromfluids (e.g.,
hydrazine) is sufficient to initiate a self-sustaining explosive
deconposition. This conpression nmay arise from advancing |iquid
colums in seal ed spacecraft systens.

Al AA.  Anerican Institute of Aeronautics and Astronautics.
ANSI. Anerican National Standards Institute.

ASE. Airborne support equipnent. The flight equi pnrent and
systens needed to support the payload such as data recording,
control functions, instrunentation, and payl oad cradles.

CATASTROPHI C HAZARD. A hazard which can result in the potenti al
for: a disabling or fatal personnel injury; or |oss of the
Orbiter, ground facilities or STS equipnent.

CERTI FI CATE OF SAFETY COWPLI ANCE. (Appendix C, Figure 3). A
formal witten statenent by the payl oad organi zati on attesting
that the payload is safe and that all safety requirenents for

this docunent have been net and, if not, what waivers and

devi ati ons are applicable.

CONTROL. A device or function that operates an inhibit is
referred to as a control for an inhibit and does not satisfy
inhibit requirenents. The electrical devices that operate the
flow control devices in a liquid propellant propul sion system are
exceptions in that they are referred to as electrical inhibits.

CORRECTI VE ACTION. Action taken to preclude occurrence of an
identified hazard or to prevent recurrence of a problem

CREDI BLE. A condition that can occur and is reasonably likely to
occur. For the purposes of this docunent, failures of structure,
pressure vessels, and pressurized lines and fittings are not
considered credible failure nodes if those elenments conply with
the applicable requirenents of this docunent.

CREDI BLE SI NGLE BARRI ER FAILURE. (Material/Fluid Conpatibility).
Potential |eaks within a conponent that permt fluid to directly
contact the materials behind the barrier or expose secondary
conpartments to system pressure conditions shall be considered in
single barrier failure analysis (e.g., leaks froma fluid

encl osure to an adjacent encl osure such as through nechani cal
joints, Orings, gaskets, bladders, bellows, and di aphragns).
Redundant seals in series which have been acceptance pressure
tested individually prior to flight shall not be considered
credible single barrier failures. Failures of structural parts
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such as pressure lines and tanks, and properly designed and
tested wel ded or brazed joints are not considered single barrier
failures. Metallic bellows and di aphragns designed for and
tested to denonstrate sufficiently high margins can be consi dered
for exclusion fromthe category of credible single barrier
failure. In order to be classified as a noncredible failure, the
item nust be designed for a safety factor 2.5 on the nmaxi num

desi gn pressure, pass appropriate manufacturing inspections (such
as dye penetrant, radiographic, and visual inspections) and | eak
checks, and be certified for all the operating environnents

i ncluding fatigue conditions.

CRI TI CAL HAZARD. A hazard which can result in danage to STS
equi pnent, a nondi sabling personnel injury, or the use of
unschedul ed safing procedures that affect operations of the
Orbiter or another payl oad.

DEPLOYABLE PAYLOAD. A payload which is planned for release from
the Obiter.

DEVI ATION. G anted use or acceptance for nore than one m ssion
of a payl oad aspect which does not neet the specified

requi renents. The intent of the requirenent should be satisfied
and a conparable or higher degree of safety should be achieved.

ELECTROVAGNETI C | NTERFERENCE (EM ). Any conducted or radiated
el ectromagneti c energy that interrupts, obstructs, or otherw se
degrades or |limts the effective performance of electronic or

el ectrical equipnent.

EMERCENCY. (Flight Personnel). Any condition which can result
in flight personnel injury or threat to life and requires

i rmedi ate corrective action, including predeterm ned flight

per sonnel response.

EVA. Extravehicular activity by the flightcrew

FACTOR OF SAFETY. The factor by which the limt load is
multiplied to obtain the ultimate load. The Iimt load is the
maxi mum anti ci pated | oad or conbination of |oads, which a
structure may be expected to experience. Utimte load is the
| oad that a payl oad nust be able to withstand without failure.

FAILURE. The inability of a system subsystem conponent or part
to performits required function under specified conditions for a
speci fied duration.

FAI LURE TOLERANCE. The nunber of failures which can occur in a
system or subsystem w thout the occurrence of a hazard. Single
failure tolerance would require a mninmumof two failures for the
hazard to occur. Two-failure tolerance would require a m ni num
of three failures for a hazard to occur.
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FI NAL SEPARATI ON. Final separation fromthe Obiter is achieved
when the | ast physical connection between the payl oad and the
Orbiter and/or payload ASE is severed and t he payl oad becones a
free-flying payl oad.

FLI GHTCREW Any personnel onboard the Space Shuttle engaged in
flying the Space Shuttle and/or nmanagi ng resources onboard, e.g.,
commander, pilot, and m ssion specialist.

GPC. Obiter's General Purpose Conputer
GSE. G ound support equi pnent.

GROUND CREW Wth respect to inflight nonitoring, the term
i ncl udes any personnel supporting the payload officer froma
console in the Mssion Control Center (MCC), renote POCC, or
ot her support area.

HAZARD. The presence of a potential risk situation caused by an
unsafe act or condition. A condition or changing set of

ci rcunstances that presents a potential for adverse or harnfu
consequences; or the inherent characteristics of an activity,
condition, or circunstance which can produce adverse or harnfu
consequences.

HAZARD DETECTION. An alarm systemused to alert the crew to an
actual or inpending hazardous situation for which the crewis
required to take corrective or protective action.

ICD. Interface Control Docunent.

IDD. Interface Definition Docunent.

| NDEPENDENT INHI BIT. Two or nore inhibits are independent if no
single credible failure, event or environnent can elimnate nore
than one inhibit.

INHIBIT. A design feature that provides a physical interruption
bet ween an energy source and a function (e.g., a relay or

transi stor between a battery and a pyrotechnic initiator, a latch
val ve between a propellant tank and a thruster, etc.).

JSC. Johnson Space Center, NASA, Houston, Texas.

KSC. Kennedy Space Center, NASA, Florida.

MANNED PRESSURI ZED VOLUME. Any nodul e in which a person can
enter and performactivities in a shirt-sleeve environnent.

M SHAP/ | NCI DENT.  An unpl anned event which results in personnel

fatality or injury; damage to or |loss of the STS, environnent,
public property or private property; or could result in an unsafe
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situation or operational node. A mshap refers to a major event,
whereas an incident is a mnor event or episode that could | ead
to a m shap.

MCC. M ssion Control Center.

MONI TOR. Ascertain the safety status of payload functions,
devices, inhibits, or paraneters.

NONCOWVPLI ANCE REPORT. A report docunenting a condition in which
a requirement cannot be nmet. It is the report used to request a
wai ver or deviation. See NSTS/ 1SS 13830 and Appendi x C Figure 2.

NORVAL STS M SSION PHASES. All portions of the mssion to be
performed by the STS, excluding STS abort and energency | anding.

NSI. NASA standard initiator (pyrotechnic). The NSI is provided
to the payl oad custoner by NASA

OFFGASSI NG The emanation of volatile matter of any kind from
materials into habitabl e areas.

OPERATOR ERROR.  Any inadvertent payl oad operation by either
flight personnel or the ground crew that affects either the
Orbiter or a payl oad.

PAYLOAD. Any equi pnent or nmaterial carried by the STS that is
not considered part of the basic STSitself. 1t, therefore,

i ncludes itens such as free-flying automated spacecraft,

i ndi vi dual experinments or instrunents, and ASE. As used in this
docunent, the term payl oad al so i ncludes payl oad- provi ded GSE and
systens and flight and ground systens software.

PAYLOAD ELEMENTS. Experinents, instrunments or other individual
payl oad itens which are subsets of an integrated, multipayl oad
cargo conpl enent on m ssions such as Spacel ab, Long Duration
Exposure Facility, etc.

PAYLOAD ORGANI ZATI ON. The fundi ng or sponsoring organization for
t he experinent, payload or mssion. This does not nean the
princi pal investigator, payload contractor, designer or devel oper
except to the extent del egated by the sponsoring organi zation.
For NASA payl oads, a NASA Headquarters payl oad programoffice is
t he sponsoring organization and usually del egates to a NASA field
installation the authority for formal interface with the NSTS in
i npl ementation of this docunent. O her payload organi zations

i nclude, but are not limted to, the followng: DOD, other U S.
Gover nnent agenci es, non-U.S. Governnent public organizations,
private persons or private organi zations, internationa

or gani zati ons, European Space Agency, and foreign governnents.
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PERSONNEL | NJURY. W th respect to catastrophic hazard | evels for
STS payl oads, personnel injury will be limted to loss of life or
maj or injury which can lead to either tenporary or permanent

i ncapacitation of the crew (e.g., bone fractures, second or third
degree burns, severe lacerations, internal injury, severe
(greater than 1Gy) radiation exposure, and unconsci ousness).

O her personnel injuries are related to a critical hazard | evel
provided the injury does not inpact the flightcrew s capability
to acconplish safety critical tasks.

POCC. Payl oad Operations Control Center.

PRESSURE VESSEL. A container designed primarily for pressurized
storage of gases or liquids and: (1) contains stored energy of
14, 240 foot-pounds (0.01 pounds trinitrotoluene (TNT) equival ent)
or greater based on adi abatic expansion of a perfect gas; or(2)
wi |l experience a design limt pressure greater than 100 pounds
per square inch absolute (psia); or (3) contains a fluid in
excess of 15 psia which wll create a hazard if rel eased.

RF. Radi o frequency.
SAFE. A general term denoting an acceptable |evel of risk,
relative freedomfrom and |ow probability of: personal injury;

fatality; damage to property; or loss of the function of critical
equi pnent .

SAFETY ANALYSIS. The techni que used to systematically identify,
eval uate, and resol ve hazards.

SAFETY CRITICAL. Containing an elenent of risk. Necessary to
prevent a hazard.

SAFI NG  Actions which elimnate or control hazards.

SEALED CONTAI NER. A housing or enclosure designed to retain its
i nternal atnosphere and which does not neet the pressure vessel
definition (e.g., an electronics housing).

SPACE SHUTTLE. The Orbiter, solid rocket boosters and external
t ank.

SSPI A.  Space Shuttle Program I nterface Agreenent.

STRUCTURE. Any assenbl age of materials which is intended to
sustai n nechani cal | oads.
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STS ABORT. An abort of the STS m ssion wherein flight personnel,
payl oad, and vehicle are returned to a landing site.

WAl VER. G anted use or acceptance of a payl oad aspect which does
not nmeet the specified requirenents; a waiver is given or

aut horized for one mssion only. Safety waivers could include
acceptance of increased risk.
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APPENDI X B:  APPLI CABLE DOCUMENTS

The | atest revision and changes of the follow ng docunments forma
part of this docunent to the extent specified herein. 1In the
event of conflict between the reference docunents and the
contents of this docunent, the contents of this docunent wll be
consi dered superseding requirenents. These docunents can be
accessed through the Johnson Space Center Payl oad Safety website:
http://jsc-web-pub.jsc. nasa. gov/ psrp/.

DOCUMENT NUMBERS AND TI TLES REFERENCED | N PARAGRAPH

KHB 1700.7/45 SWHB S-100, Space Shuttle 101.1
Payl oad Ground Safety Handbook.

NSTS/ | SS 13830, Payl oad Safety Revi ew and 103.1, 200, 200.2,

Data Submittal Requirenents. 208. 4a, 209. 2,
210. 2b, 212.1,
214.2, 301, 304

NSTS 18798, Interpretations of NSTS/ISS 103.2
Payl oad Safety Requirenents.

NSTS 16979, Part 1, Shuttle Orbiter Failure 200. 4b
Modes and Fault Tol erances for Interface Services.

Part 2, Failure Mde and Fault

Tol erance Analysis for Optional Service

Kit Hardware.

M L- STD- 1576, El ectroexpl osi ve 202.1b, 210, 210.1
Subsystem Saf ety Requirenments and Test Met hods
for Space Systens.

Item del et ed

NASA- STD- 6001, Fl ammability, Odor, O fgassing, and 202. 2c, 209. 1a,
Compatibility Requirements and Test Procedures for 209. 2, 209. 2a,
Materials in Environments that Support Comnbusti on. 209. 2b, 209. 3,
(formerly NHB 8060. 1C) 220. 1a(1)

NSTS 07700, Volune XIV, Attachment 1, 202.5, 202.5a,
(1CD 2-19001), Shuttle Orbiter/Cargo Standard 202. 5b, 202.6,
I nterfaces. 212.2, 213.3
NSTS 21000- | DD- MDK, M ddeck Interface Definition 202.5¢c, 212.2
Docunent
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DOCUMENT NUMBERS AND Tl TLES

NSTS 14046, Payl oad Verification Requirements.

NASA- STD- 5003, Fracture Control Requirenents for
Payl oads Usi ng the Space Shuttle.

Item del et ed

MSFC- STD- 3029, Guidelines for the Sel ection of
Metallic Materials for Stress Corrosion Cracking
Resi stance in Sodi um Chl ori de Environnents.
(superseded MSFC- SPEC- 522B)

MSFC- HDBK- 527/ JSC 09604, Materials Sel ection
Li st for Space Hardware Systens.

M L- STD- 1522, Revision A, Standard Ceneral
Requi renments for Safe Design and Operation
of Pressurized Mssile and Space Systens.

ANSI / Al AA S- 080, Space Systens — Metallic Pressure
Vessel s, Pressurized Structures, and Pressure
Conponent s.

ANSI / Al AA S-081, Space Systens — Conposite Overw apped
Pressure Vessels (COPVs).

JSC 27472, Requirenments for Subm ssion of Data Needed
for Toxicol ogi cal Assessnent of Chenicals and
Bi ol ogicals to be Fl own on Manned Spacecraft.

NSTS 22648, Flammability Configuration Analysis
for Spacecraft Applications.

NSTS 08060, Space Shuttle System Pyrotechnic
Speci ficati on.

ANSI - Z-136. 1, Anmerican National Standard for
Safe Use of Lasers.

Anmeri can Conference of Governnmental |ndustrial
Hygi eni sts, Threshold Limt Values and
Bi ol ogi cal Exposure |ndices.

JSC 20793, Manned Space Vehicle Battery
Saf ety Handbook.

REFERENCED | N PARAGRAPH

208.1, 208. 4bh,
220.9

208.1

208. 3

208. 3, 209, 209.3

208. 4a( 1)

208. 4a( 1)

208. 4a( 2)

209.1

209. 2, 209. 2c

210. 2b

212.3

212.4, 220.7b

213.2
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NSTS 07700, Volune XV, Appendix 7, System 217
Description and Design Data - Extravehicul ar
Activities.

NSTS 19943, Command Requi renments and Cui del i nes for 218
NSTS Custoners.
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DOCUMENT NUMBERS AND Tl TLES

JSC 20584, Spacecraft Maxi mum Al | owabl e
Concentrations for Airborne Contan nants.

NASA- STD- 3000, Vol unme 1, Man- Systens
I ntegration Standards.

NPD 8621.1, NASA M shap Reporting and | nvestigating
Pol i cy.

NPG 8621. 1, NASA Procedures and Guidelines for M shap
Reporting, Investigating, and Record Keeping.

NSTS 07700, Volune VIII, Appendix R Space Shuttle
Program Cont i ngency Action Pl an.

Agreenent between the Departnent of Defense
and the National Aeronautics and Space

Admi ni stration for Joint |Investigation of
Aircraft or Space System M shaps.

(SSPI A No. 45)

REFERENCED | N PARAGRAPH

220. 1a(1), 220.1c

220.2, 220.2b

306

306

306

306
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APPENDI X C.  FI GURES
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SAFE DISTANCE FOR FIRING
LIQUID PROPULSION THRUSTERS
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Figure 1.- Safe distance for firing liquid propul sion thrusters.
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PAYLOAD SAFETY NONCOMPLIANCE REPORT

NO. DATE

TITLE (Brief reference to noncompliance)

NCR TYPE (waiver or deviation)

PAYLOAD IDENTIFICATION (Include reference to applicable payload element, subsystem, or component) EFFECTIVITY

APPLICABLE REQUIREMENT

DESCRIPTION OF NONCOMPLIANCE (Specify how the design or operation does not meet the safety requirements)

HAZARD OR HAZARD CAUSE (Include reference to Payload Hazard Report)

REASON REQUIREMENT CANNOT BE FULFILLED

RATIONALE FOR ACCEPTANCE (Define the design feature or procedure used to conclude that the noncompliant condition is safe. Attach
applicable support data i.e. drawings, test reports, analyses, efc.)

APPROVAL SIGNATURES
PAYLOAD ORGANIZATION DATE
WAIVER APPROVAL DEVIATION APPROVAL
PSRP/GSRP DATE PSRP/GSRP DATE
NSTS/ISS PROGRAM DATE NSTS/ISS PROGRAM DATE

JSC Form 542C (Rev January 29, 2003) (MS Word May 97)

Figure 2.- Payload Safety Nonconpliance Report.
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CERTIFICATE OF NSTS/ISS
PAYLOAD SAFETY COMPLIANCE

FOR

a. PAYLOAD/MISSION/CARRIER: __

b. Applicable to:

Payload Design and Flight Operations

Ground Support Equipment Design and Ground Operations

c. The Payload Organization Hereby Certifies that:

For STS, the Payload Complies with all Applicable Requirements of the NSTS
1700.7 (current issue), “Safety Policy and Requirements for Payloads Using the
National Space Transportation System,” and/or KHB 1700.7, “Space Shuttle
Payload Ground Safety Handbook.”

For ISS, the Payload Complies with all Applicable Requirements of the NSTS
1700.7 (current issue), “Safety Policy and Requirements for Payloads Using the
National Space Transportation System,” NSTS 1700.7 ISS Addendum (current
issue), “Safety Policy and Requirements for Payloads Using the International
Space Station,” and/or KHB 1700.7, “Space Shuttle Payload Ground Safety
Handbock”; and,

1) The Payload is Safe with Design Life of:

2) The Payload is Safe for an Operational Life of:

d. Approved Waivers/Deviations:
e. Approved (Payload Organization Manager):

f. Date:

JSC Form 1114A (Rev February 20, 2001) (MS Word September 1997)

Figure 3.- Certificate of NSTS Payl oad Safety Conpliance.
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